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Notice and Disclaimer

ThisMessaging and Forecasting Hypdalarkshop was held to gather input about research needs,
challenges, and opportunities best communicating hypoxi@om a range of stakeholders working in

Long Island Sound he statements and information captured in this report reflect the individual expert
views and opinions of the workshop attendees and the summary observations and recommendations of
the Organizing Comittee. They do not represent positions of the U.S. Environmental Protection

Agency This is not an endorsement of any particular solution to nutrient management and the report
does not substitute for CWA or EPA regulations, nor is it a regulation Tthel, it cannot impose legally
binding requirements on EPA, states, territories, tribes, or the regulated community and might not apply
to a particular situation or circumstance.
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publication as an EPA document. Mention of trade names or commercial products does not constitute
endorsement or recommendation for use. This is a contribution to the EPA Office of Research and

5S @St 2 I9&and Sustainable Water Resms Research Program.

The information generated ithese proceedinga/ere developedinder CEMM Quality Assurance

t NE2SOG tfly ov!itto GC2NBOFalGAYy3I KELIZEALFCESY [ 2y 13
0034088QR1-0, effective date 7/12/2023This report has been reviewed by the ORD/CEMM/EPD

Quality Assurance Manager and it has been determined to be consistent with EPA Category B quality
assurance requirement3his product does not deviate from the QAPP. There was no data collected in
relationto these proceedings, they instead share summaries of discussions held during the workshop.

The appropriate citation for this report is:

Canfield KSullivan C, HagyMulvaney K2023. "Messaging and Forecasting Hypoxia in Long Island
{2dzyR 22NJ] aK2L) t N2POSSRAy3adeg | ®{ ® 9y FANRYYSY
and Development, Center for Environmental Measurement and Modeling, Atlantic Coastal
Environmental Sciences Division, Narragansett, RI. EPAhRX.



This documentan be downloaded from:
www.epa.gov/watesresearch/waterresearchpublicationsscienceinventory
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Foreword

The U.S. Environmental Protection Agency (EPA) is charged by Congress with protecting the Nation's
land, air, and water resources. Under a mandate of national environmental laws, the Agency strives to
formulate and implement action® balance huran activities and the ability of natural systems to
support and nurture life. To meet this mandate, EPA's Office of Research and Development (ORD) is
solving environmental problems and building the scientific knowledge base necessary to manage
ecological esources, understand how pollutants affect human and environmental health, and prevent
or reduce environmental risks in the futurBheregioral offices of EPA are responsible for executing

EPA programs within their respective states and territories.

Collaoration bringsh w 549fx@ng scientific and technical foundatieogether withregional expertise in
regulations and placbased issue€£PArelies on ORD thelpfulfill its statutory obligations and address
the most pressing environmental and public tibathallenges. By working closely with external
stakeholdersvith whomregional offices are connecte@®RD ensures a highly coordinated research
programthat produces useful work for the American public and Bi&& @gioral and program offices
Theseresourcesalsohelp state and local agencie€Bjbes, and communities inform actions to protect
their environment, safeguard public health, and support a robust economy.

The Center for Environmental Measurement and Modeling (CEMM) within ORD haedlessary
YSGK2Ra IyR Y2RSta (02 AYLXSYSyd Sy@ANRBYyYSyalt a
measure and model environmental contaminants. Research in CEMM encompasses tracking
contaminants in the natural environment, including contaminants of egimgy concern, and

developing regulatory methods, models, and environmental indicators. Researchers also work to

develop tools that inform and evaluate environmental management practices and policies.

Thisproceedings one such toofor EPA scientists andanagement as well as other agencies and
organizations for use in developiegmmunication tools about nutrient pollutiomspeciallyhypoxia
andforecasting. It documents the methods and findings of a workshop of expentgenedo identify
the recommemled design and content for communicating about a hypoxia forecast in Long Island
Sound The goal of this document is tontributeto the literature on good practices f@ommunicating
complex sciencand to identify and share lessons to inform futw@mnunicationefforts on nutrient
pollution, hypoxia, and forecasts

Timothy GleasorDirector

Atlantic Coastal Environmental Sciences Division
Center for Environmental Measurement and Modeling
Office of Research and Development
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Executive Summar y

The U.S. Environmental Protectidgency Office of Research and Development and Region 2 held a
workshop on May 23, 2028 understand communication needs for hypoxia in Long Island Sound. The
express purpose of the workshop was:

Working with people at the interface of science anactice to identify the best
engagement approaches to use hypoxia forecasting in improving public awareness
about hypoxia in Long Island Sound

TheMessaging and Forecasting Hypoxia in Long Island Searkdhopshared information orthe early

work on the hypoxia forecasting model for Long Island S@nmtelicited perspectives of attendees on

key audiences and design filatedcommunication produc Workshop patrticipants were selected

based on their expertise at the interface of Long Island Sound environmental challenges and stakeholder
engagement. Through structured presentaticargd smalland largegroup discussiongarticipants

shared their knowedge and perspectives on the best approasfor communicating hypoxia and

forecasting in Long Island Soufithis workshop proceedings presents the motivation for the workshop,
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Theone-dayworkshophad twosections. Each section begaith a presentation on background
information that primed a small group discussion, followed by full group discustkay topics Small
groups were chosen by the organizers to refla mixture of expertise across water qualityater
monitoring, habitat quality,scientific researchand stakeholderengagement. The small group
discussions focused on (1) primary audiereed their interests (2)messaging for identified audiences,
(3) design considerations for a web tool on a hypoxia foreaas, (4)challenges to communicating
about a hypoxia forecasKey findings from the workshop included:

9 Targeted messaging is kimyconveyusefulness of a hypoxia forecast to vari@usliences and
motivate behavior change to reduce nutrient pollution.

1 Design of the online tool should be interactive, customizable to different uses of Long Island
Sound, accessible for those speaking languages other than English and with disab#iji¢s, ea
use, and easy to interpret.

1 Key challenges to communicating a hypoxia forecast include (1) creating interest in and urgency
about hypoxia, (2) explaining the science of hypoxia in waterbodies, (3) identifying appropriate
trusted messengers for eacludiencewe should be communicatingith, and (4) reaching
audiences who live far away from Long Island Sound.

Overall, the Messaging and Forecasting Hypoxia for Long Island Sound workshoprmyaeramt

platform for EPA to connect witlederal,state,and localstakeholders Through the workshop,
participantsidentified recommended approaches to communicating about hypaxid more specifically
about the hypoxidorecastEPA islevelopngfor Long Island Sound. Having this workshop before the
forecast models developed andinalized allows researchers to refine the geographical scope and
design of communication tools to better reflect the users and uses identified. Outputs of this wprksho
include a summary email to attendees following the event with #&ytel findings and this proceedings
report. The anticipated lorgerm outputs include the hypoxia forecast and various communication tools
for promoting widespread us&imilar workshopsay be of use to EPA in the future to identify what
aspects of EPA research are of interest to external audiences and to increase effective messaging and
design of communication products that translate scientific findings.



1.Introduction
1.1 Background

Hypoxia, or low dissolved oxygen, is an important nutiedted water quality issue that impacts

aquatic life in lakes and coastal waters globally. Although low oxygen can occur naturally, the extent and
severity of hypoxia is increased by anthropogemitrient loads resulting from wastewater, stormwater,
agricultural runoff, atmospheric deposition, and other sources. Hypoxia is well studied in Long Island
Sound, an estuary of national significance, and has been the focus of successful environmental
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and the north shore of Long Island in New York. The Long Island Sound watershed extends northward
into Massachusetts, Rhode Island, Vermont, and New Hamp@tgere 1). Theong Island Sound

Study, an EPAGeographid®rogram andNational EstuaryProgram has facilitated successful

management through environmental monitoring and scientific research, public engagement, and policy
development. Nutrient loading reductions prescribed by the 2000 Total Maximum Daily Load (NYSDEC
and CT DEEP, 2000) achievéuzharterm decrease in the extent of hypoximainly via improved

treatment of municipal wastewater. Despite this notable succegsokia persists at a variety of spatial

and temporal scales, requiring ongoing effort to expand sustainthe restoration, especially in the

face of climate changes that can exacerbate the threat of hypoxia (Whitney and Vlahos, 2021).
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Figure 1.The figure shows ajhe Long Island Sound; while) shows the entird.ong Island Sound watershed
extendng up to Canadawith the red box indicating wheré.ong Island Sound is located.


https://longislandsoundstudy.net/
https://longislandsoundstudy.net/
https://longislandsoundstudy.net/ecosystem-target-indicators/lis-hypoxia/

Communicating hypoxia across partners and with affectedmanities remains challenging.

Maintaining interest and engagement over time to initiate or sustain restoraifomater quality

improvementf 2 NJ aYS&aal3aiay3d 2y atz2¢ AYLI OGazé LINBaSyida
Moreover, hypoxia impacts taquatic life are difficult to measure and communicate to stakeholders

than more tangible nutrientelated impacts like harmful algal blooms (HABSs) or seagrass loss. Although
practitioners often cite largscale fish kills as a key hypoxia impaossiblybecause photographs of

them clearly imply severe impact (e.g., Tomasetti and Gobler, 2020), aquatic life impacts associated with
hypoxia avoidance, chronic effects and less obvious mortality are more common and likely more
ecologically important.

Ecologichforecasting is a useful approach to help explain the hypoxia issue, its causes, and possible
solutions (Testa et al., 2017; Scavia et al., 2021). In saseshypoxia forecasting also serves as an
operational tool to support recreational and commeraiagkrs (i.e., fisheries, aquaculture), and a critical
communications tool to support public engagement. Communications related to hypoxia forecasts can
also increase attention to important developments in scientific research and analysis and environmental
management. Hypoxia forecasts have been applied successfully twitieern Gulf of Mexicp

Chesapeake BaandLake Eriavhere predictions have been used as a basissfonual press releases

and national news media coverage, creating opportunities to discuss iamg@tientific information

evenif forecasts are not correct.

However, there ar&ey chdlengeswith communicatingcomplexenvironmentalproblems including
relatingNA a1 G2 LIS2LX SQa o0StASTa | yR ardiNdpdtdtilalitdntpdral 6 CA a OK
and spatialdisconnectdetween input and environmental impagtioijer, 2010)Akey challenge in the
case of hypoxia becomes conveying the urgency of action and engagement over an extended period
rather than just responding to singular, disasli&e events (Hoijer2010. Further, while there is
expansive research into communicating the science of some environmental challenggsless

research has examindtw to communicate about the challenges of nutrient management and its
consequences (Canfield et al., 2024/Mile work specifically on the scienceadmmunicating about
nutrient pollution and its effectss limited,socialscience research incorporating structured workshops
with collaborative qualitative data collection can lead to improved understanding of concation

needs and priorities of environmentahallengegOsmond et al., 201@amshed, 201&Keddy et al.,

2020).

1.2 Purpose of this Report
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Island Sound Offe are developing a Long Island Sound Hypoxia ForecadbTwellict hypoxic extent

and duration in Long Island Sound and its embaymgags)for each summer and to enhantee
communication and awareness of hypoxia and its impadtem water qualityto habitat quality The

tool will include (1) anatural science element that will inventory, synthesize, and review existing models
on hypoxia inLong Island Sourtshsed on earhseason environmental observations, and develop new
models using existing dathat emphasize quantifying variability and uncertainty; éh webbased
communication platform to share and contextualize the forecast for stakehol@erguide the
development of the forecast tool and identify best engagement approaches to useiayfjpoecasting

an inperson workshop was held to gather input frgraople at the interface of science and practice in
Long Island Sound@his work emphasizes understanding community needs and values to improve
targeted communications and motivate commtynbehavioral change to mitigate environmental
challenges. Maintaining public focus on Long Island Sound issues to sustain nutrient reductions,
specifically from nonpoint sources, is an important challenge that could be addressed by developing a

4


https://www.noaa.gov/news-release/noaa-forecasts-average-sized-dead-zone-for-gulf-of-mexico
https://www.vims.edu/research/products/cbefs/cbay/index.php
https://www.glerl.noaa.gov/res/HABs_and_Hypoxia/hypoxiaWarningSystem.html
https://gulfhypoxia.net/low-oxygen-dead-zone-to-affect-6700-square-miles-along-louisiana-coast-in-july-noaa/
https://gulfhypoxia.net/this-years-dead-zone-in-the-gulf-is-the-3rd-smallest-yet-we-have-hurricane-hanna-to-thank/

hypoxia faecast system. This system could address the problem that early policy success combined with
a failure to maintain public awareness has been associated with less positivieetongutcomes of
nutrient management (Gross and Hagy, 2017).



2.Workshop Proceedings

The workshop wakeld from 9am to 3pm on May 23, 2023, at the EPA Region 2 Office in New York City,
New York. It wastructured into morning and afternoon sessmitach session included a presentation
to the full group followed by sniidbreakoutgroup discussiamand then a full group discussion of key
points (See Appendifor agenda)Participants were invited based on their position at the interface of
science and stakeholders in Long Island Sound, with an effort to representpagngrship

organizations affiliated with the Long Island Sound Stilitigre were thredoreakoutgroups, each with

a facilitator and a notetaker to help navigate through a-pedined set of questions (SéppendixB)

and capture insights from the grougs the morning small group discussion, topics included defining
key audiences, key information to convey, wiifferent people would use a forecast, messengers, and
potential challenges to communicating. The afternoon small group discussion covered ntioee of
details of making the togincluding terminology, the most appropriate formats for identified audiences,
equity considerations, and messaging recommendatidomg invitees who could not attend-jperson
were asked the same list of questions duringa®te virtual meetingsThe findings of the workshop
discussions are organized thematicatlySection 3.

2.1Presented Materials

Two presentations were givenr the workshop. The first presentation was thre potential hypoxia
forecasting tool for Long Island Soutdthis presentationJim Hagy from the U.S. Environmental
Protection Agency Office of Research and Development gave a presentation on the possibilities of
forecasting in Long Island Sound gwimer for the conversationThesecond presentationgiven by
Cayla Sullivaid.S. Environmental Protection Agency Region 2 Long Island Sound Rifogtes®d on
learning from existing hypoxia communication tools.

2.1.1Topical PresentationPotential Forecasting Tool for Long Island Sound

Jim Hagy introduced a definition of ecological forecasting, explored the benefits and challenges of
forecasting hypoxia in Long Island Sound in the context of similar work in other badies, and
provided some initial suggestions of what aspects of hypoxia in Long Island Sound could be
forecasted He provided an overview of an initial analysis of dissolved oxygen in Long Island Sound
implemented using Generalized Additive Models (GAMescribing both the strengths of the analysis
and the challenges associated with using GAMs to develop a for@tespresentation concluded by
suggesting some directions that could be taken for future work on both data analysis and
communications.

A key distinction between a prediction and a forecast is in addition to predicting the future state of an
ecosystem (in this case, aspects related to hypoxia), a forecast describes the logic underlying the
prediction, which provides context for audiendesunderstand the prediction and its implications

around issues of nutrient pollution, eutrophication, and associated hypoxia. A hypoxia forecast could
address the extent, duration, and severity of hypoxia in open waters of Long Island Sound, as well as th
frequency of hypoxic conditions in the relatively shalloaysthat surround the Sound>AMs are a

flexible data modeling tool that are capable of fitting complex water quality patterns in space and time.
While the flexibility of GAMs allows them to débe patterns that have occurred in the past and the
relationship of oxygen to key drivers, they may not be as effective for predicting future water quality.
Future work will focus on quantifying and improving the ability of models to predict future oxygen

6



conditions and developing effective communication strategies to complete the forecast, shaped by
information learned from discussions with stakeholders.

2.1.2Topical presentationBuildingawarenessOther tools that havebeeneffectivein
communicatingabout hypoxia

Cayla Sullivan presented on tools that are effective in communicating about hypoxia including existing
Long Island Soursbecific tools and existing hypoxia forecasts in other large aquatic watersheds. The
Long Island Sound tools include the Long Islanch&&tudy (LISS) Microsite: Ecosystem Targets and
Supporting Environmental Indicators, Connecticut Department of Energy and Environmental Protection
6/ ¢ 599t0 YR LYGSNRGFIEGS 2F 9YGBANRBYYSYyGlrft [/ 2YYA
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Cayla also presented on existing hypoxia forecasstoobther areas, including the Gulf of Mexico,

Chesapeake Bay, and Lake Erie.0hief ¥ 2 ¥ a S Fpredicts thé sizé &f théssO | & tleGdR  a

T2yS8Sé¢ o60GKS NBIAZ2Y AYLI Ol SoBusal éodél$ eaehibfwhich camidery03B. T 2 dzN.
DS2t23A0Ff {SNBAOSQa 6! {D{0 SadAYlI{iSa 2F aALINRAy3IldA
River Basin. National Oceanic and Atmosph&diministration (NOAA) releases the estimate of the size

of hypoxic zone for the summer in late spring and then conducts an annual water monitoring cruise in

late July. The Gulf of Mexico forecast generates public media by telling a story regarding wiexidthp

that year and if the forecast either undesr overestimated the observed size. Theesapeake Bay

Environmental Forecast Systarses a threalimensional, numerical modeadyivenby weather provided
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reports three conditions, a nowcast which describes dissolved oxygen on the present dayjaytwo

forecast which describes dissolved oxygen levels up to two days in advance, and a forecast trend which
describes the difference between the nowcast and forecast. The Chesapeake Bay system also reports on

the dead zone sizalepth to low oxygenand generatesypoxia line plots] I 1 § 9 &timénh@lda 9 E LJ
Hypoxia Forecads updated daily and uses a hydrodynamic model and weather forecast data to predict

the location and movement of hypoxia up to five days in advance.

2.1.3 ExistingLonglslandSoundcommunicationtools

/ | & présendationdescribesseveralexistingenvironmentattools, both for hypoxiaforecastingand
relevantto hypoxiaforecasting Thesetoolswere usedto prompt smallgroupdiscussioron designinga
webtool for LonglslandSoundhypoxiaforecasting

1 TheLISMicrosite showcaseshe 20 ecosystemargetsand supportingenvironmental
indicators including extent of hypoxia Thistargetisto measurablyreducethe areaof hypoxiain
LonglslandSoundfrom pre-2000DissolveddxygenTMDLavetagesto increaseattainmentof
water quality standardgfor dissolvedoxygenby 2035 (LonglslandSoundStudy,2015) as
measuredby the five-yearrunningaveragesizeof the zone(Figure2). Thesupporting
environmentalindicatorsunderthis target are duration of hypoxig severelyhypoxicand anoxic
areas andvolumeof hypoxia Thedatato supportthisindicatorare from severaldifferent water
guality monitoringprogramsincludingCTs 9 9 tofigislandSoundWater Quality Monitoring
Program(openwatersof the Sound)L 9 M/@séernBasinWater Qudity Monitoring Program



https://www.ncei.noaa.gov/products/gulf-mexico-hypoxia-watch
https://www.vims.edu/research/products/cbefs/cbay/index.php
https://www.vims.edu/research/products/cbefs/cbay/index.php
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https://www.glerl.noaa.gov/res/HABs_and_Hypoxia/hypoxiaWarningSystem.html
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https://longislandsoundstudy.net/ecosystem-target-indicators/duration-of-hypoxia/
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Figure2. Thegraph showsthe five-year running averageof hypoxiaextent in LonglslandSound

monitoredby CT5 9 9 tofdgislandSoundwWater Quality Monitoring ProgramandL 9 AMV@siernLong

Island SoundMonitoring Program Data from Longlsland SoundStudy.

CTDEERNdL 9 HypaxiaReviewReportisanannualreport that communicatesn-situ data

results,hypoxiaarea,volumeandduration,andchlorophylta from their water quality
monitoring program.Thisreport alsoincludesa frequencyof hypoxiain Longlslard Sound

bottom waterswhichisthen comparedto 1994 (the establishmenof the monitoring program)

(Figure3).
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Figure3. Themap, producedby CT5 9 9 togislandSoundWater Quality Monitoring Program,shows
the areasof LonglslandSoundthat are mostfrequently affected by hypoxiain bottom waters. The
colorson the map representthe percentageof yearsin which hypoxicconditionshave occurredin the
bottom waters of the Soundsincethe programwas establishedin the early 1994. Thelabelsshowthe
station name. Thesemapsare developedbasedon the data collectedduring the week of eachyear
when the maximumarea of hypoxia wasreported.

TheLISICOI#S areaktime water quality monitoring programshowcasinghe dissolvedoxygen
measurementt two buoysin LonglslandSound(Figure4).

Figure4. A) Themap aboveshowsLonglsland Soundintegrated CoastalObservatorySystem
monitoring stationsin Longlsland Sound.Theyellow dots representthe real-time monitoring devices
while the two boxesindicate the coastal oceandynamicsapplicationsradar (CODAR3ensors


http://lisicos.uconn.edu/

1 Savehe{ 2 dzySBuRdHealthExplorer(SHE}s anonlineinteractivedashboardhat allowsthe
userto clickon basinsor embaymentdo view healthindictors(Figure5). Oneof the indicators
is dissolvedoxygenwhichis givenad 3 NJ-d&8nidlingon its healthmeasuremens to indicate
poor or goodquality. Savethe Soundalsoproducesa biennialreport to presentthe CTDEEP,
IECand UnifiedWater Studywater quality monitoringresultsby calculatingan associated
& 3 NJwihSeéchbasinandembaymentto communicatethe health of the Sound.

2022 Long Island Sound Grades B ovethe Soundt
KEY / \V\ { ‘ =/ ;

N (20100%) Connecticut *
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Figure5. The2022ReportCardgradesby Longlsland Soundbasinand embayments.

1 Universityof/ 2 v v S OGLEARasa fuititude of mappingproductsthat canbe connected
to hypoxa (Figure6). Specificallyconnectingto their land cover(i.e.,LonglslandSound
2 | {i S NECKa®d@ dndscappandaquaculture(i.e., AquacultureMappingAtlas Shellfish

Restoation Map Viewerg products.

OCLEAR Long Island
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https://soundhealthexplorer.org/fishable/
https://www.savethesound.org/report-card
https://clear.uconn.edu/
https://clear.uconn.edu/projects/landscape/
https://clear.uconn.edu/projects/landscape/
https://cteco.uconn.edu/viewer/index.html?viewer=aquaculture
https://experience.arcgis.com/experience/6e125765584448e78b28069531d6ea23/page/Background/
https://experience.arcgis.com/experience/6e125765584448e78b28069531d6ea23/page/Background/

@ B0 Aquaculture Mapping Atlas

Figure6. Two different mapping productsdevelopedby Universityof/ 2 y' y S OGQLEARdatiitzidedata that
are related to and canbe connectedto hypoxiaforecasting:A) LonglslandSound? | (i S NEOK&hdrng &
Landscapend B) AquacultureMapping Atlas.
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3. Workshop Findings

Discussion throughout the workshop defined who milgahefit from usinga hypoxia forecast for Long
Idand Sound and effective communication tools, messages, and design to reaetpibtential users.
Key topics of conversation covered why different audiences would use the forecast, effective
environmental communication campaigns that this project coudatiefrom, potential equity impacts of
hypoxia and considerations in tool design. There were also humerous recommendétiotassighng
the most useful, accessible, and accurate communication tool for the potential ésersnary topic of
interest for holding the workshop was the need fopoxiaforecasting in Long Island Sound. This topic
did not elicit extensive comments and perspectives, but we share those that did arise related to
forecasting challenges below. Whatlfavs are the thematically organized findings of the workshop
discussionsThe recommendations are consolidated into a table at the end of the findings s€ttbte
1).

3.1 Defining the Audience and Messages

Designing a useful tool requirégfining for whom the tool is being madad how it wil be used

Discussion identified numerous distinct audientest would use a hypoxia forecastnd how their use

of the tool would varyParticipants shared key messages to convey about hypokialsland Sound

along the themes of behavior change, environmental impacts, and economic impacts. Additional topics
covered the challenges in reaching the identified audiences as well as what organizations would serve as
effective messengers in motivatitighavior change to improve hypoxia problem&.ong Island Sound

Related to uses and needs of users was discussion of the usefulness of a hypoxia forecast. In both small
and large group discussion participants noted there is not currently significanéstter concern about
hypoxia inLong Island Sourmltside of those actively working to address and understand low oxygen
levels in the Sound. With many environmental, public health, and societal challebgeswhichto be

worried, there was a perception that hypoxialiong Island Sourid not a priotiy concern for many.
Participants discussed if the forecast will be addressing identified community rremedp ensure

these needs are incorporated in communication design, lama to make suréhe toolis available and
usefulfor said communitiesPastscience and risk communication research has termed the limited

OF LI OAGe LIS2LX S KI @S G2 aAavYdzZ GFyS2dzaf eLindgl2&@NE | 02 dz
Fischer, 1991Weber, 2006. Keeping this finite pool of worry in mind, participants bstammed key

messages to target audiencenotivate action, ananaximize usefulness of the tool.

3.1.1 Potential audiences

Participants identified eight main audiences that could potentially use the hypoxia forecast based on
their dependence and use of Long eléSoundEigure7). These rajor usergroupswho would benefit

the most from a forecasting todbr Long Island Soundere identified as (1)egulators and decisien
makers (includindpcal, state and federagencies), (2yild harvest commercial and recreatiorfadhers
andshellfishers and shellfish aquaculturist8) media (reporters), (4) wastewater treatment plant
operators, (5) environmental conservation and protection nongovernmental organizations (NGOs
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operating atwatershedand localscales, as well as funding entities), (6) coastal recreators, (7) scientists
6020K Fd F2NXIE AyadAiiddziSa FyR O2YYdzyAie a0ASyO0oSs

Locationand demographics will impact forecasting needs and ude&.ong Island Sourmbrdersboth
Connecticut and New York, the needs of users in different states are expected to reflect their different
relationships to the Sound. Additional demographics that participants identified as affecting use and
interest included if the communities are merural or urban, socioeconomically disadvantaged, and in
the east or wesend of the Sound. Based on these differences, audiences in tlleamanitieswill have
different histories and prioritiesThese additional considerations were discussed as Kegtinuse of

the forecast and in finetuning messages about hypoxia to meet varied needs.

Y
Fishers & g Wastewater

Aquaculturists Media Treatment Plant

\

Regulators &
Decision-
makers

La by @F

Operators

Environmental

Nongovernmental Coastal — 8

kil “General
Organizations T Scientists

Public”»
Figure 7. Potential audiences for a hypoxia forecast in Long Island Sound
3.1.2 Audience sesof a hypoxia forecast

Workshop participants discussed how tharious user groups may differ in their motives for usigyre

8). Potential uses broke into three categorig¥planning,2) science, an®) education and curiosity.
Planning uses related to informing management decisions, identifying locations fairfgawtrient

and water quality monitoring, deciding on timing and location of placing spat for aquaculture, and when
to fish. Uses of the forecast for science included understanding hypoxia and identifying data gaps for
scientists and potentially environemtal NGOs. The final use category of education and curiosity
captured uses including students doing research using data from the forecast, and media and public
interest in when and where hypoxia is happening. There was also suggestion that fosterisgycarid
interest with this tool could be a way to raise awareness of nutrient pollution in Long Island Sound and
motivate behavior changes to reduce hypoxia. This final category of use was the primary expected use

1 While participants recognized that forecasted hypoxia information is primarily of interest to those who
are using Long Island Sound for work or leisure, there was still a desire to make the forecast tool
accessible for others who have curiosity about hypam Long Island Sound, hence the quotations

F NRPdzy R 0KS G3ISYSNIf Lzt AOdé
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of the forecast for coastal recreatorsaalia sources, and the public generally, thus also being of interest
to all identified audiences.

o Ll
Furthering Educating
(]

Science & Inspiring
¢ Funding ¢ Building hypoxia * Increasing media &
e Monitoring nutrients understanding public awareness of

& water quality * Identifying data gaps hypoxia
* Fishing & aquaculture * Using data in schools
spat laying and student research

Figure8. Potential uses of a hypoxia forecasthe thematic categories for using a hypoxia forecast or general
hypoxia interest broke intplanning, science, and general education and curiosity.

3.1.3 Equity concerns

Another prompt for participants sought to identify equity concerns and considerations in both impacts

of hypoxia and in communicating about hypoxia in Long Island Sound. Particgiaatsthe need to
GRSONBIFasS 1y2¢fSR3IAS 3FlLlazé y20Ay3a GKFG Yrye LIS2LH
with the science of hypoxia. Another knowledge gap participants identified was the role of nitrogen in

nutrient pollution and the impactsf this pollution, andhey recommended doing more outreach to
YENBAYFEtAT SR O02YYdzyAGASad tF NGAOALI yiaQ LINAYFNE LI
pollution and can serve as an indicator of decreasing environmental h&altticipants noted armful

algal blooms can result from the same nutrient pollution that causes hypoxia, and such ldeEates

equity issues as disadvantaged communities will Hawer resources to mitigate the problem. Further,

blooms may also impact@2 YYdzy A 1@ Qa | OO0S & &, initie cabesok sorvekiveds andl | (1 S NI |
lakes,safe drinking water.

While ensuring people have accurate information is key to accurate risk assesamiembtivating

behavior change, it is also important to approach edimraefforts knowing there are multiple ways to

know about a scientific topic. Assuming audiences know nothing about hypoxia and simply providing
AYVF2NXYIGA2Y A& O2yAARSNBR | GRSTAOAG | LIINRBI OKeg G2
proven ineffecive (Reincke et al., 2020; Simis et al., 2014). As such, when working to improve

awareness, it is important to both share scientific knowledge and work to understand the knowledge

and experiences that the audience you are communicating with already has @ésigning online
communications to be equitable, participants identified considerations of color choice (for color

blindnessor cultural sensitivity, language and translation, and Americans with Disabilities Act Section

508 compliance to provide moreceessible information for all viewers.

Participants identified equity concerns related to reliance on hypowjzacted waters in Long Island
Sound. Access was the primary use concern and was tied closely to communioatipiitable access
to the nearshoe environment was oted, demonstrating a need for better communication of public
access pointto the waterfront, regardless of hypoxic status of watéthere is fear of swimming in
hypoxic waters based on inaccurate or lack of information, peopléwikss likely to use Long Island
Sound during hypoxic events. This points to the need fesittnsignage that explains that hypoxic
waters are safe forecreation butmay impact what wildlife can live there. Further, participants noted
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the need for sigage to be accessible to users, providing information in the languages used in various
areas around the Sound, and colors that can be interpreted for those who are colorblind. Most directly,
for fishers and shellfishers, their livelihooduldbe impacted ly reduced catch in hypoxic waters.

Fishing concerns would be tied to the nearshore environment more than the depths of Long Island
Sound. The main target species for commercial fishersbeay deeper waters rather than nearshore
environments but subsistnce fisherare likely to bampacted byhypoxia in bays and nearshore

waters Thepotential forreduced fish catch and overall reduced wildlife during hypoxic events
represents a disamenity, or environmental bad, that participants noted could represent an
environmental injustice if marginalized communities are disproportionately proximal to hypaxersv
andrely on fish caught there.

A final equity concern noted was in who is held responsible for hypoxia in Long Island Sound. While the
western narrows of Long Island Sound have the worst water quality grades (Save the Sound, 2022), it is

not the sok fault of those in the western portion of the Sound for the levels of hypoxia and nutrient

pollution in their waters. The discussion emphasized that New York City is not wholly responsible for

hypoxia in Long Island Sound, and it is important to chanpavier and regulations across the region.

This is an equity concern in that those in the western sound have the worst water quality, but pollution

is coming froma larger area in theortheasern United States thatomprisesi KS { 2dzy RQa ¢ (G SNZ

3.1.4 Whoiscommunicating?

Identifyingthe right peopleto communicateabout hypoxiawasanotherconversatiorfocusin
successfullypuildingawarenessAspreviouslydiscussedone challengeparticipantsdiscussedvas
determiningthe correctcommunicatornotingthat not all researchersaretrainedto fill the
communicatiorrole. Further,there maybe distrustin governmentamongcommunities with
governmentbeingseenasrepresentingpolluters.Science&communicationis a skillthat requires
relationshipbuilding.Participantsnoted somepotential audiencedor this tool will likelyask,& ¢ Kag
youto tell mewhatto R 2 i the communicatoris not trusted by the audience Peopleand
organizatonsthat are well respectedin communitieswill be more trusted messengersf scientific
information.

Understanding the unique demographics and interests of the various audiences is key to selecting a

trusted communicatothat can motivate behavior changelated to nutrient loading in théong Island
Soundwatershed for each audience. Participants emphasized the need for local communicators from

local organizations, including nongovernmental organizations, newspapers, boat captains, and formal
stakeholdediaisons (like the Citizen Advisory Groui)ese highly local entities will help initiate

understanding and trust in hypoxia information as accurate, reliable, and of concern to these audiences.

While federalgovernmentagenciesnay not play a role in déctly sharing information with

communities, when it comes to communicating regulatory information on nutrients, the U.S. EPA does

have a role to play inreating,implementing and potentially revisingegulatory documents such as the

Total Maximum Daily Load (TMDIE)nders specificalllfNew York State Department of Environmental

[ 2YVEASNDLF A2y Q& 2| (SN yCdarf iafe@State R&VIDNWGRINGSY I8land N2 2 S Ol a
Sound Studyandb | 1 A2yl f CA&K YR 2AftREAFTS C2dméRl GA2YyQa [ 2
identified as key t@ddressingutrient loading for local organizations as they can ptewnoney to

implementnew approaches.
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https://www.dec.ny.gov/pubs/4774.html
https://www.dec.ny.gov/pubs/4774.html
https://www.epa.gov/cwsrf
https://longislandsoundstudy.net/
https://longislandsoundstudy.net/
https://www.nfwf.org/programs/long-island-sound-futures-fund

3.1.5 Important messages in communicating hypoxia

Environment
Hypoxic waters are safe
for humans to swimiin,
but not for all fish.

Behavior
Change

Do your part!
Reduce fertilizer
use to improve the
long-term health of
Long Island Sound.

Economy

Poor water quality

impacts home

value and fish
catches.

Nutrient Loads

Hypoxic conditions result
from excess nutrients, which
can lead to further water
quality problems.

Figure9. Themes of messages recommended for explaining hypoxia effectivdijthemes are connected to each
other.

To best communicate about hypoxia, workshop participants identified recommended me$seagssd
uponeconomic impactsneededbehavior changg environmental impacts, and nutrient loadBigure

9). Within these message themes, there will need to be nudnoessaging to best reach audiences of
varied uses and demographics (e.g., effective messages for people living on the shoreline of the Sound
would differ from those to motivate nutrient management in the upper watershed of the Sound).
Recommended messagjron economic impacts focused on the cost of poor water quality. The

examples provided included how poor water quality can impact home values and reduce catches for
commercial fishing.

Behaviorchange messages focused on projecting urgemtd/promoting ation, answering questions

ikedWK | G R2 L KI @S (2 WK2 (¢ Ol ¥ K OieRBimpiddriessafl yairéds

LX FYyYAy3 FAAKAYI O0SKIFIGPAZ2NI g1 & dzaAy3d GKS (22t G2 a
hypoxia levels, such that rexational fishers could modify their behavior and reduce fishing if it was a

bad summer for hypoxid@articipants recommended explaining how hypadgian example of the

consequences of excess nutrients, and promoting actions relatedtt@ent managementnore

generally while emphasizing that actions will not have immediate impakttiressing that behavior

changes will not immediately affect nutrient loading challengdsoimg Island Sourid key to accurately
communicating science drsetting expectations.

Environmentally focused messages about hypw@siierequire precision in addressing the different risks

2F KELREALF F2NJ Kdz¥lya | yR 2G§KSNI & LIS Ohyposichvaters NIi A OA LJ
arenot dangerous for humant recreate in, but they do affect what fish can survié& NBadicipants
recommended ephasizinghat hypoxiaworsenswater qualityand leveraging concern for protecting

environmental qualityfo motivate a desire to reduce hyp@extent
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Related toenvironmental impacts and behavior change, the final angle suggested was messaging about
nutrient loading. These messages connected hypoxia to nutrient loads, especially nitrogen, that are
primarily the result of fertilizer use. Participants also soughide the connection between nutrients

and hypoxia as a warning and indicator of possible further water quality impairyreunth as harmful

algal bloomsdue to nutrient loadsUsing multiple angles to communicate about hypoxihong Island
Soundwill help to reach the varied audiences with their different uses of the Sound.

3.1.6 The importance of terminology

Based on expertise in impacts of nutrient pollution, and past efforts to communicate about such
impacts, participants identified scientific jargon that requires intentional use and definition. There was
not agreement about whether these terms shoulddaided entirelyor simply used thoughtfully, so

we include all identified terms that warrant careful consideration and usage:

9 Dissolved oxygen (usually abbreviated as DO): amount of oxygen in water that is available to
aqguatic organisms. This is a key temrunderstanding hypoxia, as hypoxic systems by definition
have low levels of DO (USGS, 20$8)me participants recommended simply referring to this as
G2E@3Sysé aAyOS G(KS ASYySNIf LlzotAO 6SGGSNI dzyRS
primary chalenge anticipated with this term was in differentiating between oxygen levels in the
body and oxygen levels in water.

1 Eutrophication: an increase in the rate of supply of organic matter to a water body (Nixon 1995),
sometimes caused by excaugtrient loading that can result in overgrowth of plants, which can
cause low oxygen levels (Cloern et al., 20R@)ticipants primarily noted that this was a
common term used in describing nutrient pollution, but is also jargon that requires definition.

1 Harmful algal bloom (HAB): rapid growth of algae or cyanobacteria that disrupt human and
aquatic life uses of a water body, sometimes by producing toxins that are harmful to animals,
humans, or flora. Occurrence of HABS is sometimes connected to excesstsun a
waterbody. Participants emphasized the need to clearly communicate the nuances of risk of
HABs exposure, as well as the relationship between HABs and nutrient pollution, the same root
cause as hypoxia (NOAA, 2023a).

1 Nitrogen: a naturally occumg element that humans made more bioavailable to support food
production. Nitrogen pollution can be in the form of nitrate, ammonium, and sometimes organic
nitrogen. Participants disagreed on how much specificity was needed in understanding nutrient
pollution for people not involved in scientific research or management. The conclusion was that
more information and understanding of the root cause of hypoxia (nutrient pollution) would be
helpful for residents in motivating and sustaining behavior change, (EI23).

91 Dead zone: referring to a water area with extremely low dissolved oxygen. This term was first
used in the Gulf of Mexico in reference to the large area of bottom water hypoxia that occurs
there. Because it has been very effective as a communitatimol and has helped focus public
attention, policy action, and scientific research on Gulf Hypoxia, it has been adopted elsewhere.
This term can sometimes mislead because-hotiom waters in the same area often have
abundant life. Participants found ihterm effective for motivating concern about water quality.
Simultaneously, participants were concerned that it does not accurately portray the livability of
hypoxic areas for some flora and fauna (NOAA, 2023c).

9 Forecasta prediction or estimate of fure eventsaccompanied byn estimate of the
uncertainty around the prediction and an explanation of the ratior@léogicfor the prediction
Goncerns about careful definition here related to explaining the probability involved in
forecastingrather than it being a prescriptive foretelling of what is to come (Scavia et al., 2021).
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3.1.7 Challenges in communicating hypoxia

Workshop participants discusséite many challengethey had experienced or anticipated in

communicating about hypoxi®ne chaknge that cut across many other identified concerns was the

lack of visibility of hypoxia, both for those regularly engaging with Long Island Sound and those located
farther away. Not being able to visually demonstrate the consequences of hypoxia accunateds it

difficult to portray as a major, urgent concern. For example, there was considerable discussion about the
O2YLX SEAGASE 2F dzaAy3d aFA&K (Affaég Ay RAaOdzaaAy3
coastal hypoxia with accompanyipfotos that in the regionnearly always depict dead menhaden
(Brevoortia tyrannusr B. patronusalso known as pogy or bunReHowever, these fish reside in

surface waters, filtefeeding on algae, making them unlikely to be impacted by bottom water hypoxia.
They succumb to hypoxia that occurs under specialized circumstances, and sometimes their high
abundance itself contribute® the low oxygen. Thus, while fish kills can result from hypoxia, these

events poorly represent the more typical aquatic life impacts of coastal hypoxia, especially persistent
low oxygen in bottom waters, which is very unlikely to cause mass mortaliteohaden. More

broadly, relatively low awareness and worry about impacts of hypoxia on human health compared to
other environmental concerns was another challenge identified. This relatively low worry also existed
among participants in the room, as thetyugygled to identify scientifically accurate ways to portray

hypoxia in Long Island Sound and thereby motivate action to address it.

Explaining the science story of hypoxia in Long Island Sound was another challenge. Many who seek
information about hypoba are likely to find information about hypoxia in the human body rather than
hypoxia in the water. Other challenges involve the offset in time, space, and causal mechanisms
between nutrients introduced into a system on land and their later effect of douting to hypoxia in

the water. This complexity, paired with the lack of simple imagery to depict hypoxia impedes effective
communication about hypoxia.

A common strategy to convey interest and urgency around hypoxia has been to citetongncreases

in the number of waterbodies with hypoxiis increasing severity and impact, and the potential for
irreversible ecological harm (i.e., tipping points). However, the story of Long Island Swurdbe told

also bycelebrating the successes in reducimgrient loading and the extent of hypoxia in the Sound

and articulating the actions that led to improvements. Thus, an additional nuance is communicating the
ongoing challenge of addressing hypoxia that remains in Long Island Sound while celebratiessprogr
made in reducing nutrient load$his success story may improve messaging effectiveness, as research
shows positive message frames can help motivate behavior change (Gifford and Corneau, 2011).

Anotherchallenge was motivating concern in audiences watwlocated further fronLong Island

Sound Participants discussed how nutrients from as far as New Hampshire can impact hypoxia levels in
Long Island Soundnaking it important to motivate behavior change about nutrient loading in a
community that has nimmediate proximal relationship withong Island Soundhis distance from

Long Island Soundakes the previously stated challengiEack of strong imagery for hypoxia stand out.

A final challenge discussed was finding the right entity or individual to communicate about hypoxia.
Scientists who know the technical complexities of hypoxlaoimg Island Sourate often not the most
effective communicators, as they may struggle to akpthe science in a way that is accessible for

people whose experience with the Sound is more focused on recreation, fishing, or regulations than it is
onresearch.The numerous challenges identified above made clear to workshop participants that it is
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essential to have a talented, trusted communicator share about the importance of addressing and
understanding hypoxia.

3.1.8 Challengespecific to communicating hypoxia throughfarecastingtool

Perspectives on forecasting focused on the challenges of making a forecasting tool that had useful
information for decisiormaking. Keeping data sources current was a concern, as without the most up
to-date information, the forecast will be less accurd®elatedly, workshop participants had concerns
about what data and models should be used in the forecast to predict hypoxia most accurately while
also providing forecasting information about aread.ohg Island Sourttiat are heavily used. THeys

and neashore area®f the Sound are most accessible for users, leading to the recommendation of
including hypoxia levels for those areas to improve forecast useability. Explaining that forecasts are not
guaranteed outcomes but are based on models and inheremtlyde some uncertainty was a key
communication challenge anticipated in creating a useful forecasting tool.

3.2 Existing Environmental Communication Efforts

3.2.1 Effectivecommunicationcampaigngfor hypoxiaor otherwise)

Buildingon exampledrom the presentation,participantsdiscussedraits and examplesof
environmentalcommunicationcampaignghey hadfoundto be effective. Thegeneralsentimentwas

the needfor creativecampaigndesign,suchthat it standsout while also educating Inclusiveapproaches
to sciencesuchashasbeenpromoted by Openscapesandthe ProjectWE Twater education
organizatiorwere seenasgoodexamplesof creativeapproacheso education.Othertraits to emulate
includedwebsitesbeinginteractiveand userfriendly, with the SoundHealthExplorerandinteractive
mapsof power outagessharedby power companieseingcited asexamplesof informative, effective
waysto communicateonline. Additionaleffectivecampaigrstructureswere educationalcallsto-action
that explainedenvironmentalconditionsand provideda clear,simpleaskof the viewer,with the
intendedimpactof viewersfeelingthey were doingtheir part to protect the environment. Oneexample
wasa TroutUnlimited campaigrthat broadcaseéd whenwater conditionswere stressfulto fishand
askedpeopleto avoidfishing Otherexamplef actionroriented messagingvere New YorkCity public
serviceannouncement@bout combinedsewageoverflowsanda relatedwater conservationrcampaign
askingresidentsto resistwashingclothesduringrainstorms.Motivating environmentalstewardshipvas
seenasanothereffectiveapproach.asdemonstratal in campaign®n the dangerof microbeaddor
wildlife, asthis led peopleto demandactionto protect wildlife. Consistensignagesxplainingthe
environmentalchallengewasalsoseenaseffective,with the exampleof the U.S.Geological dzNJJS & Q &
annualsignageabout eutrophicationat sitesproneto this problem.

Participantsalsodiscusseaxistingeffectivecampaigngo communicateabout hypoxia TheBayGame
for Chesapeak8ayteachesaboutstakeholderinterests,decisionrmaking,agriculture,and nutrient
delivery,andhow all thesefactorsplayinto hypoxa challengedor the Bay.Hypoxiain the Gulfof
Mexicois coveredin nationalnewsand media,whichhasincreasednterestin the state of the Gulf
(NOAA2023b. Participantssoughtto getthis levelof coveragegor LonglslandSoundJookingto
promote both awarenessandespeciallywillingnesgo changebehaviorto achieveenvironmental
benefit.

3.2.2 Toolsto connectwith forecastinghypoxia
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https://openscapes.org/approach
https://www.projectwet.org/
https://soundhealthexplorer.org/
https://web.arch.virginia.edu/baygame/thebay/

Discussingffectivecampaignded participantsto recommendconnectingplannedhypoxia
communicationin LonglslandSoundwith existingtools and campaignsn the areathat are frequently
usedandwell-liked. Connectingo existingtools would allow for buildingon audiencesalready
interestedin the environmentalhealth of LonglslandSound Thepotential tools discussedo add
hypoxiainformationto were:

1 BiomasdreaDayDepletion(BADD)ndexby ConnecticuDepartmentof Energyand
EnvironmentaProtectionthat documentshypoxiaseverityand spread
0 (Oouldbeadaptedto LonglslandSoundto demonstratewhat areasof Longlsland
Soundare not availableto specificfish speciesdue to hypoxia
1 DE@nfo Locatorby the New YorkDepartmentof EnvironmentalConservationthat includesover
80 datalayers on environmentalquality monitoringand naturalresourcesacrossNew York
9 LonglslandSoundreport cardby Savethe Soundthat tracksandshareshe ecologicahealth of
LonglslandSoundwith aneasyto interpret colorandletter graderating.
o (ouldadd hypoxia anditrogen loadingdataand integrateexplanation of the concepts
into communicatiorefforts around the sound
1 NationalRiskindexmapperby the FederaEmergery ManagementAgencythat demonstrates
which communities are most at risk to natural hazards
o0 Couldaddhypoxiaforecastingdataasa layerto this map.
1 Reclainour Water Initiative by SuffolkCountyfocusedon updatingsepticsystemgo manage
nutrients.
o Connecinghypoxiadatawith the septicprogramcouldimprovenutrient management
education,resourcesand motivation for residentsof SuffolkCounty

33Web Tool Design and Information

Workshop participants had many ideas on the design of a web tool about hypadang on discussion

of potential audiences and strengths of existing communication tddiey agreed that the internet

should serve as the primary hub fdret toolrather than print communicationsand use of a press

release to announce the tool.iszussion®n desigraddressed naming the tool, ways of communicating
and interacting with the tool, the information the tool should include, accessibility andiagisp
recommendations, and distribution of the final produéthile it may not be feasible to incorporate all
provided recommendations into the final tool, this discussion provided a thorough list of considerations
and ideas for improving effective commuriiicen.

In line with discussion of what made existing tools effective, design recommendations for the hypoxia

tool were for an interactive, eagy-use tool. To ease interpretation of the forecast, participants
recommended that scientific thresholds (e.gergent oxygen saturation) be translated into colors.

While there was not a recommended name, there was agreement that the tool should not be named

Gl 2y3 LaAfl YR {2dzyR | @LREAI C2NBOI&lz¢ & Ke@LREALI
likelybe immediately be perceived as inaccessible for audiences besides scientific researchers.

Participants also contributed technical design recommendations. Having a server that allows for smooth
loading of data will be important. Recommendations for displgyhe data included a YouTube video
introducing the general context of hypoxialiong Island Soungroviding popup definitions when

users hover over scientific jargoand ensuring phone compatibility. Data visualization suggestions
includedMicrosoft Power Bor ArcGIS StoryMaps
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https://www.iec-nynjct.org/sites/default/files/2022-09/2016%20Long%20Island%20Sound%20Hypoxia%20Season%20Review--CT%20DEEP%20and%20IEC.pdf
https://www.dec.ny.gov/pubs/109457.html
https://www.savethesound.org/report-card
https://hazards.fema.gov/nri/map
https://suffolkcountyny.gov/Departments/Economic-Development-and-Planning/Planning-and-Environment/Special-Projects/RFEI-Innovative-Alternative-Septic-Systems
https://powerbi.microsoft.com/en-us/
https://storymaps.arcgis.com/

The agreed upon goal was to creat¢ool that allows forargeted messagip such that users can
interact with the web tool to show the information most relevant to their uses of the Sound. The
primary mode of this suggestion was to create a menu where users can view spaaifEzios anadd

or remo\e layers of data based on the uséfsers could change parameters such as precipitation and
temperature, which participants believed would be helpful for researchers and decrsadnrs. Fishers
and shellfishers need to know near future hypoxia informatmaaking a shorterm timeline of hypoxia
levels week over week useful in deciding when to fiir.general users, the primary information
suggested was to demonstrate the impacts of point source polluBoaviding data on théaysof Long
Island Soundvas also recommended, since this is where people primarily spend their time. As there
have been improvements in the spatial distribution of hypoxiadng Island Sourmver time,
participants recommended including this positive framing, potentially witinteractive timeline to
show change over time, to demonstrate that behavior change does make a diffe@mading different
paths for the tool while also creating a generalized version would help ensure anticipated users get the
information they need, Wwich could also be consolidated into specialized-pagers for distribution to
specific audiences based on their use.

The final discussion was in distributing the tool and announcing it was available for public use.
pursuing a broadollout of the toolinitially, participants anticipated the need for additional expertise in
effective communication and design, such as public relations experts and website designers, to ensure
the initial rollout is effectiveParticipantsnsteadd dz33 S a (i SR linitiallg ® &udienteb famili@rk £
with hypoxia inLong Island Soundallowing for feedback from informed users. Following revision based
on soft launch feedback, the tool could then be distributed widely. Communication recommendations to
promote broad use fthe tool included newsletters of organizations focused on Long Island Sound,
social media, and targeted publications for the different audientedurther promote the tool for
anticipated audiences, a media kit should be prepared, providing targetedages for the different
anticipated usersThis communication and distribution of the tool also could be tethe fiveyear
communication plan for the Long Island Sound Sty other communications plans associated with
organizations to which workslpgparticipants belong
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Table 1.Summary of recommendations for design of an effective Long Island Stwpoxiaforecastcommunicationtool

ease of use in tool design

easily understood. Ti& could include translating dissolved oxygen levels to colors, while being thoug
o2dzi | OO0OSaaAiroAftAGe F2N O2f ol dllavyaRyendralised Fedy oft
hypoxia in the Soundndallow varyingusersto further investigée relevantenvironmental qualitydata

Recommendation Description Section
Define intendedaudience(s) Eightpotential audiencesvere identified regulators and decisiemakers, fishers and aquaculturists, | 3.1.1
for communications and media, wastewater treatment plant operators, environmental nongovernmentghnizations, coastal | 3.1.3
understand their relationshig | recreators, scientists, and thaublic. Additionaldemographics and relategquity concerns could affect
to the Sound I dZRASYy 0SaQ NBf I lakdnged & heldansiderad iicrmugicatiry’ R
Targetcommunicatiors to Three primary uses of a hypoxia forecast were identified: planning, furthering science, and educat{ 3.1.2
anticipated audience uses of | inspiring. Leveraging thessescouldhelp demonstrate its value. In tool design, this shoulthifest as | 3.3
the tool RATFSNBYG afl @SNBE 2N & kdndstkaleganiaf@matiok | G dza S N&
Choose a communicatevho Who is communicating impashow the information is received. Logangovernmental organizations, | 3.1.4
is trusted and welknown by | newspapers, boat captains, and formal stakeholder liaisons were all recommended as effective
the intended audience communicators to turn to in distributing information about the hypoxia forecast tool.
Frame messages effectively | Four effective frames for communicating about the tool were identified: envirortirezonany, 3.1.5
and learn fom past effective | nutrient loads, and behavior change. The implementation of these messages will vary based on th| 3.1.7
environmental campaigns audience, their relatinship to the Sound, and communication gaase locakuccess storie® 3.21
demonstrate we can noticeably and measurably imprthie environmental challenge
Use terminology thoughtfully | Severakcientific terms were identified as needing explicit definition and thoughtful use in 3.1.6
and with clear definition communications with nonscientists, as they can often be poorly or misunderstood. These included
dissolved oxygen, eutrophication, harmful algal bloom, forecast, nusjerid dead zone
Addressing challenges in Challenges related to communioatiinclude the complexity of hypoxia science, the lackygfoxia 3.14
communicating about hypoxig imagery, the lack of general urgency to manage nutrient loads that can ldaghtixia, and conveying
both the progress made and lasting challenges of hypoxia in the Sound.
Integrate with existing user Incorporating hypoxia forecast data with existing tools for the Sound will connect usersrevatready | 3.2.2
friendly, environmental tools | interested in the health of the Sound with new information.
Consider accessibility and The forecast tool needs to be easy for users to learn to use, with information that can be quickly anf 3.3
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4. Conclusion and Next Steps

In conclusion, this workshop served to bring together people working in Long Island Sound at the
interface of users andnvironmental protection to documertheir perspective®n designing a hypoxia
forecast tool for the Sound. Through a eday workshop including presentations, small group
discussion, and large group discussion, participants identified potential audienessages, and web
tool design characteristics, and discussedchallenges of conveying the usefulness of the tool and the
urgency of action around hypoxiihere was greement thata forecastng toolcan help motivate
awareness and behavior change arduhe larger issue of nutrient management, and hypoxia can be a
vehicle to shift perspectives on water quality protectidom designing the tool, scientifianguage needs

to be choserand definedthoughtfully, as typical jargon relevant to hypoxia is oohsistently
understood.Further, the tool needs to be creatéa a way that specific audiences can view the
information that is most relevant to their interests (map layers suggested for Disyussion and
presentations identifiecdhumerous existing comunication tools in theegionthat this forecast could be
incorporated with to encourage use and further motivate behavior chakdeile it is likely the final

tools will not be able to incorporate all recommendations, the workshop provided a thorougt lis
considerations in designing both the forecast tool and a communication tool about the forecast

While we have emphasized the findings of workshop discussions, it is also important to comment on the
feasibility of recommendations. Based on the currerttdel for the tool, there are constraints on its

utility for nutrient loading policy decisions that were not captured in the workshop discussion but are
relevant to how the forecast might be used. The focus of the model is on seasonal hypoxia predictions,
which does not accommodate the shagrm communication recommendations provided. As the tool is
still in development, the forecast could provide shorter term forecasts, but such forecasts would not
likely be used in policy decisions. Despite these linoitet, the forecast tool and communication tool

design will move forward with thoughtful consideration of how to incorporate the communication
recommendations with the desired utility of the forecast.

The next steps for this project are to advance technilesvelopmentof predictions andorecast

formulation while also beginning to scope development of communication tools. The goal is to have the
models developed by May of 2024 and the possibility of a forecast soft launch at that time. To continue
engagingwith the people brought together for the May 2023 workshop, researchers anticipate
informally discussing progress on the models and building toward more complete implementation of
open science principles in project development. Another workshop couldalsonvened to engage

with anticipated users and more of the general public audience to better understand why they might
care about or need a hypoxia forecast. We anticipate working closely with the tremendous resources
who are the participants from the@®23 workshop if such a followp workshop becomes a reality. We

look forward to continuing collaborative work to promote a betieformed and environmentally

motivated community around Long Island Sound.

23



5. References

Canfield K N., Mulvaney K., andMerrill, N. 2021. Messaging on Slow Impacts: Applying Lessons
Learned from Climate Change Communication to Catalyze and Improve Marine Nutrient
CommunicationFront. Environ. Sc®:619606. doi: 10.3389/fenvs.2021.619606

Cloern, J. E., et al. 2020. Nutrient StattiSan Francisco Bay and Its Management Implications.
Estuaries Coast43:12991317.

EPAHNHO® GbdziINARSY(G t2fftdziA2yY ¢KS La&aadzSoé
https://www.epa.gov/nutrientpollution/issue#:~:text=Excess%20nitrogen%20in%20the%20atm
osphere,0f%20forests%2C%?20soils%20&tWwaterways.

Fischhoff, B., and Scheufele, D. A. 2013. The science of science communication. Intrdelaxtiddatl.
Acad. SciUSA.110 (Suppl. 3), 14@31032. doi:10.1073/pnas.1312080110

Gifford, R., & Comeau, L. A. (2011). Message framing influercesiyeed climate change competence,
engagement, and behavioral intentior@lobal Environmental Chang#l(4), 13011307.

Gross, C., and J. D. Hagy, J. D., 3rd. 2017. 'Attributes of successful actions to restore lakes and estuaries
degraded by nutrient pollutionJ Environ Managel87: 12236.

Hoijer, B. 2010. Emotional anchoring and objectification in the media reportintjroate change.
Public Underst S¢il9(6): 71¢€731. doi:10.1177/0963662509348863

Jamshed, S. 2014. Qualitative research metimerviewing and observatior Basic Clin Pharr(4):
87-88. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4194943/

Linville, P. W., & Fischer, G. W. (1991). Preferences for separating or combining events. Journal of
personality and social psychology, 60(1), 5.

Long Island Sound Stud¥015.Long Island Sound Comprehensive Conservation and Management Plan
2015: Returning the urban sea to abundance. 76 pp.
Accessed\ugust30,2023.http://longislandsoundstudy.net/wp
content/uploads/2015/09/CCMP_LowRes Hyperlink_singles.pdf

New York State Department of Environmental Conservation and Connecticut Department of &rergy
Environmental Protection. 2000. A Total Maximum Daily Load to Achieve Water Quality
Standards for Dissolved Oxygen in Long Island Sound.

Nixon, S. W. (1995). Coastal marine eutrophication: a definition, social causes, and future
concernsOphela, 41(1), 199219,

NOAA2023ad | | N Fdz '€ 3AFf .t22Ydé bldAz2ylf hOSIFyYy { SNIBA
https://oceanservice.noaa.gov/hazards/hab/

bh! ! ® HAHOO® dbahnouncelbeglo AF NS NERSI R 12y SU YSI &dz2NBF
NOAA websitehttps://www.noaa.gov/newsrelease/noaaand-partnersannouncebelow
averagedeadzonemeasuredin-gulf-of-mexico

24


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4194943/
http://longislandsoundstudy.net/wp-content/uploads/2015/09/CCMP_LowRes_Hyperlink_singles.pdf
http://longislandsoundstudy.net/wp-content/uploads/2015/09/CCMP_LowRes_Hyperlink_singles.pdf
https://oceanservice.noaa.gov/hazards/hab/

bh!! ® HAHOO® &2KIFG A& | RSIR.I 2YySKé blraA2yl € hOSI
https://oceanservice.noaa.gov/facts/deadzone.html

hQ52yySftfs WS yR CI1SZ ¢ Hnund /@ halReEpdty 3 GKS |
Uniwersity of Connecticut.

Osmond, D. L., Nadkarni, N. M., Driscoll, C. T., Andrews, E., Gold, A. J., Allred, S. R. B., et al. 2010. The
role of interface organizations in science communication and understanéiogt. Ecol.
Environ8, 30&313. doi:10.1890/60145

Reddy, S. M., Wardropper, C., Weigel, C., Masuda, Y. J., Seth Harden, M. P. A., Pranay Ranjan, P., et al.
2020. Conservation behavior and effects of economic and environmental message frames.
Conservation Lettl3, e12750. 10.1111/conl.12750

Reincke, C. M., Bredenoord, A. L., & van Mil, M. H. (2020). From deficit to dialogue in science
communication: the dialogue communication model requires additional roles from
scientists. EMBO reports, 21(9), e51278.

{1 @S GKS {2dzyR® HAnHH® 4 ptpsy/@wnwsavethesornd.ér@rdpgeBardw S LI2 NI/

Scavia, D., |. Bertani, J. M. Testa, A. J. Bever, J. D. Blomquist, M. A. M. Friedrichs, L. C. Linker, B. D.
Michael, R. R. Murphy, and G. W. Shé&xakW 2021.'Advancing estuarine ecological forecasts:
seasonal hypoxia in Chesapeake Bagyl Appl31: e02384.

Simis, M. J., Madden, H., Cacciatore, M. A., & Yeo, S. K. (2016). The lure of rationality: Why does the
deficit model persist in science communication?. Public understanding of science, 25(4), 400-414.

Testa,J.M., Clark,J]. B. DennisonW. C, DonovanE. C. FisherA. W, Ni,W., ParkerM., ScaviaD.,
Spitzer,S. E.Waldrop,A. M, Vargasy. M. D, and ZieglerG 2017. Ecological Forecasting and
the Science of Hypoxia in Chesapeake Bm&cienceb7: 61426.

Tomasetti, S. J. and Gobler, C. J., 2020. Dissolved oxygen and pH criteria leave fisheri€siahtsk.
368, 372373.

USGS. (2018). nADi ss ol wnpd/wdxugog.eon/specialdopitiavhter-sciertce-
school/science/dissolved-oxygen-and-
water#:~:text=Dissolved%200xygen%20(D0)%20is%20a,l0t%20about%20its%20water%20qualit

Y.

Weber, E. U. (2006). Experience-based and description-based perceptions of long-term risk: Why global
warming does not scare us (yet). Climatic change, 77(1-2), 103-120.

Whitney, M.M., and Vlahos, P. 2021. Reducing hypoxia in an urban estuary despite climate warming.
Environ.Sci. Technql55: 941951.

25


https://oceanservice.noaa.gov/facts/deadzone.html
https://www.usgs.gov/special-topics/water-science-school/science/dissolved-oxygen-and-water#:~:text=Dissolved%20oxygen%20(DO)%20is%20a,lot%20about%20its%20water%20quality
https://www.usgs.gov/special-topics/water-science-school/science/dissolved-oxygen-and-water#:~:text=Dissolved%20oxygen%20(DO)%20is%20a,lot%20about%20its%20water%20quality
https://www.usgs.gov/special-topics/water-science-school/science/dissolved-oxygen-and-water#:~:text=Dissolved%20oxygen%20(DO)%20is%20a,lot%20about%20its%20water%20quality
https://www.usgs.gov/special-topics/water-science-school/science/dissolved-oxygen-and-water#:~:text=Dissolved%20oxygen%20(DO)%20is%20a,lot%20about%20its%20water%20quality

Appendices

Appen dix A Messaging and Forecasting Hypoxia Workshop Agenda

Messaging and Forecasting Hypoxi&Vorkshop agenda 9am-3pm
May 23, 2023 290 Broadway New York, NY
Purpose:Working with people at the interface of science and practice to identify best engagement for a
forecasting website, and other engagement practices, to improve pabareness about hypoxia in
Long Island Sound

8:309:15 am Check and Welcome

9:159:45am Presentation
Planned forecasting tool, intended use, and webslim Hagy, EPA Office of Research and Development

9:45-10:00am Transition to group discussions

10:00-11:00am Small group discussionefiningthe audience andnessages
11:00-11:45am Full group discussion

11:45am12:30pm Lunch on your own

12:45-1:15pmPresentation
Tools inLong Island Sourehd communicating about hypoxi@ayla Sullivan, EPA Region 2 Long Island
Sound Program

1:30-2:15pm Small group discussion Resigning tools
2:152:30pm Report out
2:30-3:00pm Wrap up
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Appendix B - Discussion Questions

Small groupdiscussion 1Defining the audience and messages

1.

2.
3.
4

o

6.

Audience definition: Who would most benefit from this hypoxia forecast in Long Island Sound?
What do you see as the major reasons for someone to use a hypoxia forecast?

What messages aiigportant to communicate about forecasting hypoxia?

What is important information to include on a hypoxia forecasting website? Does this differ
based on audience?

What are the major challenges in explaining hypoxia concerns in Long Island Sound?

What ae the challenges of explaining the usefulness of forecasting?

Full group discussion

T
1

Two sentencesummaryfrom each group
What are the shared messages that came out across groups?

Small group discussion Designing tools

1.

Buildingawareness: What messages/examples are effective in communicating about hypoxia
causes? and impact&¥hat terms need to be used/avoided/defined?

2. Tool development: What formats are most accessible to our audience(s)?
3. Does hypoxia create equity concerns (potential impacts on economideial? Health
concernsDisamenitiefor marginalized communities?)?
4. Are there other forecasting/hypoxia communication tools that you know about that are
informative/easy to understatvinteresting?
5. Behavior change/ask: What orgs/gov. departments should be the focus of increased public
interest in reducing nutrient loading to the Sound?
Report out
1 Two sentencsummaryfrom each group
1 What are the shared messages that came out acgossps?
Wrap up of all group findings
1 What are the shared messages that came out across sessions?
T 2KFG FNB GKS tladAay3a 02y OSNya F2N SELX FAYyAyYy3
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Appendix C - PowerPoint presentations

Potential Forecasting Tool for Long Island SounydJim Hagy

<EPA

Forecasting Hypoxia in Long Island
Sound

James Hagy, EPA Office of Research and Development

Kaytee Canfield, EPA Office of Research and Development
Kate Mulvaney, EPA Office of Research and Development

Anna lisa Mudahy, Oak Ridge Institute of Science and Education
Cayla Sullivan, EPA Long Island Sound Office

Melissa Duvall, EPA Long Island Sound Office

Ben Lawton, Oak Ridge Institute of Science and Education

Jim Ammerman, NEIWPCC / LISS Science Coordinator

What is Ecological Forecasting?

* “the process of predicting the state of ecosystems ... with fully
specified uncertainties” (Clark et al. 2001)

* Forecast Logic -- P. Saffo (2007), Six Rules for Effective
Forecasting.

* “Unlike a prediction, a forecast musthave a logic to it... 5/ MeduEastorn
The forecaster must be able to articulate and defend that ‘
logic.”

* “Moreover, the consumer of the forecast must
understand enough of the forecast process and logic to
make an independent assessment of its quality”

* Forecast models vs. Scenario Models (Testa et al. 2018) Average citizens, who are not storm

X modelers, consume and evaluate forecast
* what we expect will happen logic on their own, to inform their
* what we expect would happen if X, y, z occurs. decisions
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Is a hypoxia forecast useful?

» We (obviously) think a forecast would be
useful.

* Operational needs for short-term forecasts
(several days)
* Fisheries and Aquaculture
* Drinking water treatment (Lake Erie)
* Operational need for longer-term forecasts
(2-3 months) may be less.
* Informing monitoring design?

* We seek your input!

Office of Research and Development

Cognitive benefits of ecological forecasting

* Cognition = how we think

* Because we understand ecological processes affecting hypoxia, we
may fail to examine or explain our understanding effectively

* Forecasting challenges us
* to test our knowledge and analytical skills
* toimprove our explanations

* Forecasting can engage scientists and other stakeholders in a
collective learning process.
* Forecasting competitions
* Feedbackinvolvingforecasters and forecast users

* Forecastingin popularmedia (“Five Thirty Eight” political forecast,
national coverage of Gulf hypoxia forecasts)

¢ Completing the narrative of the LIS partnership ... storytelling
opportunity
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Is it possible to forecast LIS hypoxia?

* Forecasting starts with quantitative
description

e Qutside View / Inside View — Daniel
Kahneman .. “Noise”

* “the primary goal of forecasting is to
identify the full range of possibilities,
not a limited set of illusory
certainties.”

What about hypoxia could we forecast?

* Hypoxia in open water  Aquatic life - specific forecasts
* Hypoxic area « Link DO forecast to habitat quality
* Duration of hypoxia or condition for target species.
* Integrative measures of hypoxia * Link DO forecast to specific users
extent and duration or operations

* Maps of DO concentration

* Hypoxia in shallow water pomon
* Where does low oxygen occur . ' e
+ Diel-cycling = | o S
* # of days with hypoxia SRR e
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Generalized Additive Models (GAMs) are useful
for modeling DO in LIS

* Modeled near-bottom CTDEEP data I
* 50 stations from 1991-2021 i : A a®

* GAM approach adapted from work

Monitoring Stations

on Chesapeake Bay. RS

o et
| CTOREP statons ana LISCOS buoys.

* Use smooth functions

¢ Latitude, Longitude, Depth

* Year, day of year (cyclical), hour (cyclical)
* Include interactions

» year * day of year

* year * longitude

» day of year * longitude

) , We used the data collected by CTDEEP from 1991-
* Model explains 92% of deviance 2022

The GAM predicts observed DO at Execution
Rocks, but some residuals are potentially
critical.

Measured and Modeled Bottom Water DO at Execution Rocks, 1994-2021

151 . . .
% o ° o v, 2 g g ® —_
" E A )
i K l g [ -‘.'% '-6,
~104 & 3 L4 £
3 thy: 0
2 8
£ eIt =
[} | 111 @
0 59 i n .i' ﬁ

i H
[ 7 | g 00 i ARERRR 2 =
ol ) j H $ . : o o
1998 2003 2008 2013 2018 0 5 10 15

Observed DO (mg/L)
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We can use the GAM to predict a map of
bottom water DO on any day

Bottom Dissolved Oxygen in Long Island Sound on 2015-07-15
Predicted using Model.3

DO (mglL)
125

10.0
75
50
25

The GAM can predict hypoxic area every day,
and show the annual maximum

1500 * However, the estimated

2‘:3“ area <3 mg/L (yellow+red)
is much less than the

interpolated area.

-
-
Fm "" * Correct explanation
I I remains unresolved
L ] . . .
L ]
This remains a work in
lllll I|Il

progress!

-
o
o
o

.3-4

o
(=1
o

Maximum Hypoxia Area (sq. km)

o

2000 2010 2020

® Interpolated estimates of area with DO<3 mg/L
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Integrated hypoxic area is closely related to
maximum areal extent

* Closely related to
maximum extent

. 80
% - DO (mgiL)
o | KX S
1
1 60 - 23 . §
= | B & 1000 &
5 - i g
= £ &
@ 40 _ E ) ." &)
‘s B = _EE % 1.00 &
8 e~ =T ] £ o)
< 20
© _ 2 o010 &
S I 1 ‘g; (_8 DO (mgil)
o = 2 5
> = O 02
T 5 l...lll..- 001 o] 23

3-4

1990 2000 2010 2020 ~
o
1 10 100 1000

Maximum Hypoxia Area (km?)

Office of Research and Development

A lot of work remains to be done

Evaluate model performance in greater detail (e.g., using
cross-validation)

Evaluate performance for projections of 2-3 months.
Include other data

Change the model to better suit goal of predicting the
future, rather than explaining the past.

Replace factors like “year” with variables like TN loading, or
“day of year” with water temperature

Consider tides, temperature anomaly, winds, etc.

Consider approaches for modeling DO in shallow waters.

Office of Research and Development
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Develop the forecast to support communication
around LIS story with different target audiences

* Scientists interested in understanding, monitoring, and
modeling hypoxia and its impacts

* Policy makers concerned with developing and
implementing actions that may affect environmental
quality of Long Island Sound

* Interest groups who advocate around issues related to
the environmental status of LIS and interactions with
communities surrounding LIS.

* Concerns around environmental justice, resiliency to
climate change, and long-term sustainability.

Office of Re: nd Development
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BuildingawarenessOthertools that have beeneffectivein communicatingabout hypoxiaby Cayla
Sullivan

#-)% Long Island Sound Study
= Protec Sound

A Partnership to Restore and Protect the Sous

Building Awareness: Other

tools that have been effective

in communicating about

s Project Team:
hypOXIa * Workshop: Jim Hagy (EPA-ORD), Katherine Canfield
(EPA-ORD), Cayla Sullivan (EPA-LISO)

¢ Tool Development: Jim Hagy (EPA-ORD), Jim

May 23, 2023 Ammerman (LISS/NEIWPCC), Ben Lawton (EPA-LISO),
Anna Lisa Mudahy (EPA-ORD), Melissa Duvall (EPA-
LISO), Cayla Sullivan (EPA-LISO), Long Island Sound
Study

Long Island Sound Hypoxia Forecast
Workshop

Overview @ Long Island Sound Study

Existing Long Island Sound Tools:

* Microsite: Ecosystem Targets and Supporting Environmental Indicators
* CTDEEP and IEC’s Hypoxia Review Report

* Long Island Sound Integrated Coastal Observatory

* Save the Sound’s SoundHealth Explorer/Report Card

* UCONN CLEAR Mapping Products (Aquaculture Atlas and Land Use)
Existing Hypoxia Forecasts:

* Gulf of Mexico

* Chesapeake Bay

* Lake Erie
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Microsite

@ Long Island Sound Stud
AN potoarsi o ostorn s Prtect th Sourd

* Ecosystem Target: Extent of Hypoxia

* Measurably reduce the area of
hypoxia in Long Island Sound from
pre-2000 Dissolved Oxygen TMDL
averages to increase attainment of
water quality standards for dissolved
oxygen by 2035, as measured by the
five-year running average size of the
zone.

* Supporting Indicator: Duration of
Hypoxia

* Supporting Indicator: Severely
Hypoxic and Anoxic Areas

Percentto Target  Volume of Hypexia

Area of Hypoxia

Hypoxia (Dissolved Oxygen £ 3 mg/L) in Long Island Sound =

400

F LIPS FFFSF TP

Year

@ AcaafHypoxia - Five-year Runaing Average

CTDEEP and IEC’s Hypoxia Review Report

Hypoxia Data

Here are links to find data on dissolved oxygen levels
and the extent of hypoxia in Long Island Sound:

+ CT DEEP Long Island Sound Water Quality Monitoring
Program (open waters of the Sound)

« Interstate Environmental Commission (Western
Narrows)
- Long Island Sound Integrated Coastal Observing

System (real-time monitoring)

* LIS water quality monitoring program survey data on
the LISICOS website

- Save the Sound Unified Water Study (bays and
harbors)

#>/% Long Island Sound Study
A 4P

* Annual report communicates in situ data results,

2021 Long Island Sound
Hypoxia Season Review

)

Connecticut Department of Energy and Enviranmental Protection
79 Elm Street. Hartford, CT 06106
Katherine $. Dykes, Commissioner

e S
= Interstate
Environmental
A Commission

Interstate Environmental Commission
2800 Victory Bivd. Building 8S. Room 106
Staten Island, NY 10314

Evelyn Powers. Executive Director

S Environmental Protection Agency, Long lsand Sound Offce
Stamford Government Center. 888 Washington Bhvd. Sute 8-,
Stamford, CT 06904-275

Mark Tedesca, Director

hypoxic area, volume and duration, and chlorophyll

1994-2021

Percent of Hypoxic Years

with DO Concentrations
<3.0 mg/L

oo [ %0-e
Bl 0-20[ Je0-70
I 20-30 [ 70-80
[ 20-40 [ 80- %0
[ 40-50 [ <0- 100
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ctnership to Restore and Protect the Sound

Long Island Sound Integrated Coastal Observatory S 2]} Long Island Sound Stud

Wester Sound Forscast
Prototype - Execution Rocks Station Bottom Dissolved Oxygen Prediction Tool (Units are mg/L)
Observations are represented in blue and the forecast is represented in red with upper and lower bounds.

iversity of Connecticut
¢ of Marine Sciences

LISICOS -~ The Long lstand Sound Integrated Coastal Observing System PO Cme @ v @ Styvw Ptimly, Wi s
e Duta: FORECASTS | Ot COOMR O REATIVE | DutaMISTORICAL | Webtam ximn
Welcome to the Long Island Sound Coastal Observatory )w 8
Quicktinks: M W

e M&’ﬁ'mw ‘I'JL, ‘l i i

> Bogom Souna suon

Ll." ".'f,%

Monitoring... v Model Forecasts. v Coastal Hazards. v

W |
Or select a station from the map below: | | WW"‘UMJ,“‘&N

1 s ! wquae 202

Regression Start Date: Sat Oct 29 2022 21:47:00 GMT-0400 (Eastern Daytight Time)
Regression End Date: Tue Nov 01 2022 21:47:00 GMT-0400 (Eastern Daylight Time)
The rate of change in Dissolved Oxygen over the chosen Date Range is 0.007 mg/L/day

Zoom to make data range selection for trendline

Quick Stats:

There has been 50.83 days of DO concentration below or equal to 3.0 mg/L between 01-Jun-2022 and 31-Oct-2022.
There has been 32.42 days of DO concentration below or equal to 2.0 mg/L between 01-Jun-2022 and 31-Oct-2022.
There has been 10.71 days of DO concentration below or equal to 1.0 mg/L between 01-Jun-2022 and 31-Oct-2022.
Aminimum DO value of 0.12 occurred at 07-Aug-2022 15:47:10

Amaximum DO value of 8.53 occurred at 02-Jun-2022 14:02:10

@ Long Island Sound Stud

O vonisms s ) vams ooss asour

Get your copy of the NEW 2022 Long fsland Sound Report Card

Western Narrows
[B—Ju—ju—]i———]

© 0000000000000
[ IoRul] - ]
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#.% Long Island Sound Study

University of Connecticut’s CLEAR Mapping Products Y

A Partnership 1o Restore and Protect the Sound

o 5
e : @ Connecticut's Changing Landscape UCONN @ osa

Tracking Land Cover
Change in Connecticut

How fast? Come explore the information and maps
that answer those questions.

Communication
Questions?

Format

Target Audience

Communication
Message

Challenges

Hypoxia Review
Report

Microsite

Website Annual Report
Resource Managers,
- Academics, educated
Public

public/stakeholders
(including CAC)

Monitoring Data as a
Health Indicator
(related to Hypoxia
Review Report)

Annual Monitoring
Review

State IT department,
lab delays, lack of
expertise with new
communication
technology (i.e., R
Shiny)

Updating data

LISICOS

Website

Resource Managers,
Academics

Real-time Monitoring

Updating data;
connecting to server

SoundHealth
Explorer/Report Card

Biennial Report with
online grades updated
in between releases

Public, Elected
Officials, Resource
Managers, Academics

Monitoring Data as
Environmental and
Public Health
Indicator.
Communicated in an
approach that
laypeople can relate

Applying grades to
water quality data
with very valuable,
but not always in
alignment, feedback
from stakeholders in
the process

sessee

&7

inchusionsty Areas for Shallish Restoration

SF - Dissohved Orygen (me/L (Bottom)

Coastal Boundary

Uconn CLEAR
Mapping Product

Various (StoryMap,
dashboards, etc.)

Everyone

Various (geographic
information,
statistics/trends,
planning tools)

Keeping mapping
products up to date.
Technical hardware,
software, and people
power limitations to
design, develop and
maintain the viewers
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Gulf of Mexico g Long Island Sound Study

2F A Partnership 10 Restore and Protect the Sound

* Predicts the size of the zone using a four nitrogen-focused models

including USGS springtime nitrogen loadings
* Late spring, NOAA releases an estimate of the size of the hypoxic zone
for the summer

¢ Late July, NOAA conducts an annual cruise to measure the extent of

the zone

Opinion  Elections  The Rac!

NOAA Forecasts Average Dead Zone off Louisiana
and Texas & om0

The National Oceanic and Atmospheric Administration is forecasting an average oxygen-dep

Just in! Scientists measure a 3,275
Mexico this summer

square mile, smaller than expected

s - e inthe
: o Annual mapping of the zone has been
The Gulf could see one of the largest dead zones in ongoing since 1985
history this year
proaseld
[ SHERy e

The Gulf dead zone was expected to be a record-
breaker. A hurricane may have stopped it
Py

Long Island Sound Study

Z. A Partnership 1o Re: ect the S

wp National Centers for . 1
Environmental Information Gulf of Mexico Hypoxia Watch

L =
Dissolved Oxyoen Measuremants Meotity [; | Basemap v | Options ~
Select ear :

4 2021 + P Mo Data for 2020 g

¥ CTO Stations A @
7] Dissoned Orygen Contours (3)

Units are in mg/L

v Access Maps and Data
Season selected 2021

[Botiom Dissoived
ICTD Station Locations| |Oxygen Contours|
Maladata Metadata
Mag imdoe Mag imios
= snapatia 2 snagetia
Dourioad Doinizad

Mexico
Basin
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Chesapeake Bay

CHESAPEAKE BAY
ENVIRONMENTAL FORECAST
SYSTEM

Background

Hypoxia (Oxygen) I

Dead Zone Size

Depth to Low Oxygen
Hypoxia Line Plots
Bay-wide Salinity
Bay-wide Temperature

Focused Salinity and
Temperature Forecasts

Acidification Forecasts
Harmful Algal Blooms
Pathogens (Vibrio)
Bay Nettles

Contact Information

Chesapeake Bay

CHESAPEAKE BAY
ENVIRONMENTAL FORECAST
SYSTEM

Background

Hypoxia (Oxygen)

Dead Zone Size

Depth to Low Oxygen
Hypoxia Line Plots
Bay-wide Salinity
Bay-wide Temperature

Focused Salinity and
Temperature Forecasts

Acidification Forecasts
Harmful Algal Blooms
Pathogens (Vibrio)
Bay Nettles

Contact Information

Long Island Sound Study

and Protect the Sound

A Partnership 1o Restore

* Uses a 3-D numerical model to forecast the conditions daily; forced by weather

provided by NOAA and river input provided by stream gauges operated by USGS

¢ Simulates 3 conditions:

* Nowcast: present-day levels of dissolved oxygen

* 2-DayForecast: levels of dissolved oxygen in 2 days from nowcast

* Forecast Trend: difference between nowcast and forecast (% change over 2 days)

Bottom Oxygen: Nowcast
May 7, 2023

Bottom Oxygen: Forecast
May 9, 2023

Healthy Waters

Dissolved Oxygen mg/L

Hypoxic Waters

Real-time Estimates of Hypoxic Water Volume
hesapeake Bay
* Quick Summary

2023 Dead Zone Size

mount of hypoxia In the Bay Is exp

n decresse as summer

oxia starting sometims back 1o see h

of i zone increases

xia. Notable weather that may

be continually updated throug|

xia has not started yet in 2023, check back later in the spring and summer for the tracking of hypoxia

mmer of 2023,

-
b —
I
.

May 1% Jun 1 el Awg 1 Sep1™ Gct1™ Movi™

Total Annual Hypoxic Volume

0
May1* Jun 2 Juia®  Awg 1™ Sep1™  oct1™  Movi™

Month and Day

Healthy Waters

Dissolved Oxygen mg/L

Hypoxic Waters

Bottom Oxygen: Forecast Trend
May 9, 2023

Increasing

Percent Change in Dissolved Oxygen

creasing

-100 &

. Long Island Sound Study

In the spring, the size of
the summer dead zone is
forecasted based on the
amount of nutrient loads
Monthly sampling to collect

observations and estimate the

hypoxic volume. However,
both methods provide very
infrequent estimates of
hypoxic volume.

Daily hypoxic volume forecasts

are used to calculate the total

annual hypoxic volume
throughout the year
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Chesapeake Bay

CHESAPEAKE BAY
ENVIRONMENTAL FORECAST
SYSTEM

.
Background
Hypoxia (Oxygen)

Dead Zone Size

#>/% Long Island Sound Stud

Z. A Partnership 1o Restore and Protect the Sound

Estimates the depth below the water surface to a dissolved oxygen concentration of
3 mg/L of nowcast and forecast

Vertical profiles of dissolved oxygen at the locations shown with dots on the maps

Depth to 3 mg/L: Nowcast

Depth to 3 mg/L: Forecast
May 7, 2023

May 9, 2023

Depth to Low Oxygen

Hypoxia Line Plots
Bay-wide Salinity
Bay-wide Temperature

Focused Salinity and
Temperature Forecasts

Acidification Forecasts
Harmful Algal Blooms
Pathogens (Vibrio)

Bay Nettles

Contact Information

Nowcast: May 7, 2023
cBa.3C c85.1

e s az1e
Oissotved Oxygen impt)

Chesapeake Bay

CHESAPEAKE BAY
ENVIRONMENTAL FORECAST
SYSTEM

Background

Hypoxia (Oxygen)

Dead Zone Size

Depth to Low Oxygen

—

Hypoxia Line Plots I

Bay-wide Salinity
Bay-wide Temperature

Focused Salinity and
Temperature Forecasts

Acidification Forecasts
Harmful Algal Blooms
Pathogens (Vibrio)
Bay Nettles

Contact Information

Surface 2 B ca ;o6 T B9, 48

Long Island Sound Stud:

‘ore and Protect the Sound

Bottom Oxygen at CB4.1C
T

Location of Select Water Quality 16 = T
itoring Prog i 14 ——Model
T T for] © Water Quality Monitoring Program Data

=X
o I
£ i
- I
5,‘ 10 !
% 8 !
= I
T e |
2 i
8 a \
2
a

0:(-2022 Jan-2023 Apf-2023‘ Jul-2023
* Overlays the modeled dissolved oxygen on top of
long-term averages from observed data

* Compares how the forecasted dissolved oxygen
compares to the historical average
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Lake Erie g Island Sound Stud

nership 1o Restore and Protect the Sound

Experimental Lake Erie Hypoxia Forecast
Forecast date: 2022-10-28
The Experimental Lake Erie Hypoxia forecast is updated daily. and uses a hydrodynamic model and weather forecast data to

predict the location and movement of hypoxic bottom water up to five days in advance. Hypoxia is a condition of low dissolved oxygen
(< 2 mg/L) that can be harmful to aquatic life. Hypoxic upwelling events along the coast can impact operations at drinking water plants.

Forecast bottom temperature and dissolved Forecast change in bottom temperature and
oxygen: dissolved oxygen:
Click to view animation of forecast maps below lick to view animation of fore -hange maps below
Lake Erie SW Erie SE Erie Lake Erie SW Erie SE Erie

Chmnge m Do Torgarsiae s Dassves Crrgen
Thu 27 Oct 2022 13:00 EDT Thu, 27 Oct 12:00 to Sat, 29 Oct 2022 12:00 EOT
21027Vt i

Temperature, °C

Dissolved axygen, mo/L

Diss. oxygen change, mg/L

-
&

Select different forecast year| 2022 v | Select different forecast date: | 2022-10-28 v
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